Abstract. We have investigated the structure and magnetic properties of the perovskite oxides of the formula La 2 Fe 1-x Mn 2x Cr 1-x O 6 (0 < x < 1⋅0). For 0 < x ≤ 0⋅5, the members adopt the orthorhombic (Pbnm) structure, where the transition metal atoms are disordered at the 4b sites and the MO 6 (M = Fe, Mn, Cr) octahedra become increasingly distorted with increasing x. For 0⋅65 ≤ x < 1⋅0, the members adopt the rhombohedral (R-3c) structure that is similar to LaMnO 3+δ (δ ≥ 0⋅1) where the MO 6 octahedra are undistorted. While the magnetic properties of the latter series are largely similar to the parent LaMnO 3+δ arising from the double-exchange (DE) between mixed valent Mn III /Mn IV , the magnetic properties of the orthorhombic members show a distinct (albeit weak) ferromagnetism (T C ~ 200 K) that seems to arise from a Mn III -mediated superexchange (SE) between Fe III /Cr III in the disordered perovskite structure containing Fe III , Mn III and Cr III .
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Manganese-mediated ferromagnetism in La 2 Fe 1-x Mn 2x Cr 1-x O 6 perovskite oxides
Introduction
Among the ferromagnetic perovskite oxides of current interest, 1 La 2 NiMnO 6 is an attractive material that exhibits ferromagnetism near room temperature (T C ~ 280 K).
2 The magnetism of this oxide is regarded as a typical manifestation of the celebrated Goodenough-Kanamori (G-K) , resulting in a net ferromagnetism with T C up to 200 K. The results of this investigation are presented in this paper.
Experimental
Formation of perovskite oxides for the compositions La 2 Fe 1-x Mn 2x Cr 1-x O 6 for x = 0⋅00, 0⋅10, 0⋅33, 0⋅50, 0⋅65, 0⋅75 and 0⋅90 was explored by reacting stoichiometric mixtures of the starting materials [high purity Cr 2 O 3 , MC 2 O 4 ⋅2H 2 O (M = Fe, Mn) and La 2 O 3 (pre-dried at 900°C)] at elevated temperatures (900-1150°C) in air for varying duration. Single phase products were obtained by the reaction at 1150°C with repeated grinding and heating for 2-3 days.
The products were examined by powder X-ray diffraction (XRD) employing a Philips X'Pert Diffractometer (Ni filtered Cu Kα radiation). Lattice parameters were obtained by least-squares refinement of powder XRD data by means of the program PROSZKI 16 and XRD patterns were simulated by the program POWDERCELL.
17 Oxygen stoichiometry of selected samples was determined by thermogravimetry (TG) under hydrogen reduction (1H 2 : 3Ar gas mixture, 40 ml/min) on a Cahn TG-131 system, at a heating rate of 3°C/min.
For structure refinement, XRD data were collected on the Philips X'Pert Diffractometer (Cu Kα radiation) in the 2θ range of 3-100° with a step size of 0⋅02° and a step time of 9s. Rietveld refinement of powder XRD data was carried out by means of program GSAS.
18 The patterns were refined for the lattice parameters, scale factor, background (shifted Chebyshev background function), pseudo-Voigt profile function (U, V, W and X), atomic coordinates and isothermal temperature factors (U iso ).
DC magnetic susceptibility measurements were performed in the temperature range of 300-15 K employing a Lewis coil force magnetometer (George Associates, model 2000) . High field (5 kOe) magnetic measurements were done under FC condition while the low field (100 Oe) magnetic measurements were done under both FC and ZFC conditions. Room temperature electrical resistivities of the sintered pellets were measured by a two-probe method.
Results and discussion

Structural characterization
Polycrystalline samples of La 2 Fe 1-x Mn 2x Cr 1-x O 6 for various values of x (0 < x ≤ 0⋅9), prepared by the conventional ceramic route in air showed formation of single-phase perovskite oxides, as revealed by powder XRD patterns ( figure 1 and table 2 ). Rietveld refinement of powder XRD data showed that the phases adopt orthorhombic (Pbnm) perovskite structure for 0 ≤ x ≤ 0⋅5. We show the refinement 
